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Abstract
Transformation of Japanese encephalitis antibody from IgM to IgG in the sera of the exper-
imental infected chicks with Japanese encephalitis virus and transmission of IgM or IgG from
hen to chicks were examined by the gel filtration on Sephadex G-200 column. The following re-
sults were obtained. 1. Titer of hemoagglutination inhibiting antibody rose on seven days after
inoculation of mouse brain homogenate infected with Japanese encephalitis, and that increased
rapidly after the second inoculation of Japanese encephalitis. The maximum peak of antibody titer
attained on 35 days after the first inoculation, on 7 days after the second inoculation and it main-
tained for a period of 2 months then decreased. Viremia was detected till 6 hours after the first
inoculation. 2. IgM antibody by gel filtration appeared on 7 days after the first inoculation, kept on
rising, reached the peak on 35 days after the first inoculation, then decreased, and disappeared on
120 days. IgG antibody appeared about 2 weeks after the IgM antibody appearance, and the titer
of IgG antibody became higher than that of IgM antibody on 35 days after the first inoculation,
then decreased gradually, and showed 1 : 16 of titer of peak on 150 days by gel filtration. 3. We
could obtain the chicks by fertilization from experimentally infected hen, having IgM and IgG of
hemoagglutination inhibiting antibody of Japanese encephalitis. And the localization of antibodies
in the sera of its chicks was determined by Sephadex G-200 gel filtration. And IgG antibody was
detected in chick serum, though IgM antibody was not detected by this method.
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The potential role of wild birds in the epidemiology ofJapanese ence-
phalitis has been studied by experimental infection ofJapanese encephali-
tis. KITAOKA, et at. 0-2) and HAMMON, et at. (3) showed independently
that virus regularly appeared in the blood, following inoculation of wild
and domestic birds with Japanese encephalitis virus in low mouse passage.
BUESCHER, et at. (4-5) described in detail about the time of onset, magni-
tude and duration of viremia of chicks. They also studied the antibody
appearance of black-crowned night herons, little ergets and plumed ergets
and concluded that the black-crowned night herons played the most
important role among herons. They described that hemoag-glutinine
inhibiting (HI) and neutralizing (NT) antibodies of hen infected experi-
mentally and those of heron infected naturally transferred to chick as
maternal antibody. We (6) recognized that sera of plumed egrets showed
high ratio (41 %) of HI positive reaction and plumed egrets can also be
one of the amplifier ofJapanese encephalitis.
We (6) found the presence of naturally infected hens by HI reaction
in 1967 and the positive rate was 7 out of 27, and 6 out of 7 positive serum
showed 2-ME positive reaction, suggesting that hen was one of the infec-
tious sources of Japanese encephalitis. The HI antibody of hen infected
naturally was also transferred to chicks and disappeared in the chick
serum after hatching, and half life of the chick HI antibody was four
days (7).
In this experiment, we investigated transformation of IgM to IgG in
the serum of naturally infected hen, and also studied whether JgM or IgG
transferred from hen to chick. This report described briefly our results.
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MATERIALS AND METHODS
Virus: Japanese encephalitis virus (jaGAr strain) has 45 passage in mouse brain.
The seed stock contained 10 8.7 intraperitoneal, LD 50/g of brain tissue.
Hen: Susceptible hens, 60 days after hatching of white leghorn strain, were
inoculated twice with 10 6.7 LD 50 subcutaneously at one time. Serum samples
prior to infection had no detectable HI antibody at a dilution of 1 : 2. Serum
samples were taken before inoculation, and at 28, 35, 89, 120 and 150 days follow
ing initial inoculation.
Tests for circulating virus were performed on samples of blood obtained on
the first-, second-, third-, seventh- postinoculation hours.
Chick: Hens, 3 months of age, were bred with non-immune roster, 14 days prior
to this experiment, thereafter, hens were inoculated with 10 6.7LD 50 of JE virus
subcutaneously. The progenies of hen were hatched from the eggs born 7 to 10
days after inoculation of hen. Bloods of chicks were taken by cardiac puncture
one day after hatching. Each pooled blood was collected from 3 chick sera, and
3 pooled sera were prepared from 9 chicks. The sera of hen and chick applied
Sephadex G-200 column, and also tested for HI antibody to JE virus in gel filtrate.
Immunological reaction: The titration of HI antibody of JE was done by the
method described by CLARKE and CASALS (8). The titration of 2-ME sensitive
antibodies in HI reaction was done by employing the method of ANN. SCHLEU-
DERBERG (9).
Detection C!f viremia: Blood was obtained by heparin wetted syringes inoculated
intracerebrally (0. 02ml) into 6-8 weanling mice. Virus was considered to be pre-
sent in blood only when at least half the mice exhibited specific sign of infection
within 14 days of inoculation.
RESULTS
Viremia and antibody responses:
Animals were infected by two dosage schedule. On 28 days after first
inoculation, animals received booster inoculation. In animals inoculated
with Japanese encephalitis virus, viremia was recognized to the six postino-
culation hours. On 7 days, animals responded the detectable HI antibody.
And on ,35 days (on 7 days after second inoculation), HI titer reached
maximum (l : 2560) and maintained to 89 days, then gradually decreased
(Fig. 1).
Characterization of antibodies:
The earliest detectable HI antibody at 7 days was in the first protein
peak (Fractions 19 to 23) on gel filtration, indicating it to be of the 19S
class (Fig. 2-A). Gel filtration of a 21 day's serum, showed HI activity in
the first peak (Fractions 20 to 24), where 19S r-globulin is found, and HI
activity in the second peak (Fractions 25 to 32), where 7S is located (Fig.
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lated with a series of two subcutaneous injections of Japanese encephalitis virus.
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Fig. 2 Separation by gel filtration with Sephadex G-200 of domestic hen's serum
obtained after a series of two subcutaneous injections of Japanese encephalitis virus.
Fig. 2-A: Serum obtained 7 days after the first injection. f i6. 2-B: That 21 days
after. Fig. 2-C: That 35 days later. Fi6. 2-D: That 90 days later. Fig. 2-E:
That 120 days later. Fig. 2-F: That 150 days later.
Second inoculation was done 28 days after the first injection. Column was 45 cm in
length and 2.6 em in diameter, and the flow rate was 10 ml/hr. Eluates were collected
in 3 ml amount.
2B). Gel filtration of 35 days serum (Fig. 2C) showed a slightly increased
activity in the first peak and the bulk of activity in the second peak. At
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89 days, similar results of that obtained 35 days were recognized (Fig. 2D).
The detectable HI antibody at 120 days was found in the second protein
peak (Fig. 2E). At 150 days, activity of the second peak was decreased
(Fig. 2F).
Transmission of IgM or IgG from hen to chicks:
Hen, 10 month age, infected experimentally with JE virus, from 14
days prior to this experiment were bred with a non-immune roosters. Sera
from the progenies hatched from the eggs born from 7 to 10 days after
inoculation of each hen were taken. A l3-day postinoculation, serum of
hen studied by gel filtration (Fig. 3A) showed HI antibody in two regions,
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Fig. 3 Separation b I gel filtration with Sephadex G·200 of a serum in domestic
hen obtained 13 days after the inoculation (Fi.s. 3.A) and a serum in pro.senies of
hen, hatched from the egp born 7 to 10 days after inoculation (Fig.3.B).
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the first and the second peaks. Gel filtration of chick serum (Fig. 3B)
showed HI antibody in the second peak. Therefore, it was concluded
that IgG antibody was transferred from hen to chicks, and IgM antibody
was not.
The three group's sera pooled from 3 chick sera in each showed I : 80
of titer in HI reaction before and after treatment of 2-ME, though serum
of hen contained 2 ME sensitive antibody. This also showed that chick
sera contained merely IgG antibody.
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It is generally known that in infection of JE to swine and human
being IgM is formed, which is later transformed to IgG within a month
after infection (10, 11). However, there is no report concerning with
domestic fowls. We also reported the appearance of 2 ME resistant anti.
body followed production of 2-ME sensitive antibody in the serum of hen,
infected with JE naturally (6). In this experiment, transformation of IgM
to IgG was recognized in the serum of experimentally infected hen with JE.
We described that 7 out of 19 domestic fowls proved HI positive
reaction and 6 out of 7 positive fowls showed 2-ME sensitive reaction in
summer (6). Considering this experiment, showing that IgM transforms
to IgG in the experimentally infected hens, and above report the presence
of primarily, naturally infected hen is confirmed. KITAOKA (l) described
the presence of viremia in domestic fowls, inoculated JE virus and we also
demonstrated the similar results in this experiment. Therefore, domestic
fowls can be infection source of JE.
BUESCH.c:R and SCHERER (5) described that HI and NT antibodies
transferred from experimentally infected hens to chicks. And WATANABE
(12) reported that S. pullorum antibody transferred from hen to chicks
through egg yolk. We discussed about the problem whether IgG antibody
was merely transferred from hen to chicks and IgM antibody was not.
The mechanism of this phenomenon is now on investigation.
SUMMARY
Transformation of Japanese encephalitis antibody from IgM to IgG
in the sera of the experimental infected chicks with Japanese encephalitis
virus and transmission of IgM or IgG from hen to chicks were examined
by the gel filtration on Sephadex G-200 column.
The following results were obtained.
1. Titer of hemoagglutination inhibiting antibody rose on seven days
after inoculation of mouse brain homogenate infected with Japanese
encephalitis, and that increased rapidly after the second inoculation of
Japanese encephalitis. The maximum peak of antibody titer attained on
35 days after the first inoculation, on 7 days after the second inoculation
and it maintained for a period of 2 months then decreased. Viremia was
detected till 6 hours after the first inoculation.
2. IgM antibody by gel filtration appeared on 7 days after the first
inoculation, kept on rising, reached the peak on 35 days after the first
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inoculation, then decreased, and disappeared on 120 days. IgG antibody
appeared about 2 weeks after the IgM antibody appearance, and the titer
of IgG antibody became higher than that of IgM antibody on 35 days
after the first inoculation, then decreased gradually, and showed 1 : 16 of
titer of peak on 150 days by gel filtration.
3. We could obtain the chicks by fertilization from experimentally
infected hen, having IgM and IgG of hemoagglutination inhibiting anti-
body of Japanese encephalitis. And the localization of antibodies in the
sera of its chicks was determined by Sephadex G-200 gel filtration. And
IgG antibody was detected in chick serum, though IgM antibody was not
detected by this method.
REFERENCE
1. KITAOKA, M, et al: On inapparent infection of birds for japanese encephalitis virus.
lap. ]. Bact. 6 (4), 293, 1951 (in japanese)
2. KITAOKA, N., et al.: On susceptibility of birds for japanese encephalitis virus. lap. ].
Bact. 6 (4), 297, 1951 (in japanese)
3. HAMMON, S. et al.: Serological survey of japanese B encephalitis virus infected in birds
in japan. Amer. ]. Hyg. 67, 118, 1958
4. BUESCHER, E. L., SCHERER, W. F., ROSENBERG, M. Z. and MCCLURE, H. E.: Immunolo-
gic studies of japanese encephalitis virus in japan. III. Infection and antibody responses
of birds. ]. Immun. 83, (6), 605, 1959
5. BUESCHER, E. L., SCHERER, W. F., ROSENBERG, M. Z., KUTNER, L. j. and MCCLURE,
H. E.: Immunolo~ic studies of japanese encephalitis virus in japan. IV. Maternal anti-
body in birds. ]. Immun. 83, (6), 614, 1959
6. OGATA, M., NAGAO, Y. and KITAMURA, N.: Studies on the 2-Mercaptoethanol sen·
sitive antibody to Japanese encephalitis in the serum of the wild birds, chickens and
patients of japanese encephalitis. Physiol. Chemical Biology. 12, 187, 1967 (in Japanese)
7. OCATA, M., NAGAO, Y., JITSUNARI, F., KITAMURA, N. and OKAZAKJ, T.: Infection of
herons and domestic fowls with Japanese encephalitis virus with specific reference to
maternal antibody of hen. Acta. Med. Okayama 24, 175, 1970
8. CLARKE, D. H. and CASALS, j.: Techni::J.ues for hema~glutination and hemasglutination
inhibition with arthropod.born virus. Am. ]. Trap. Med. and Hyg. 7, 561, 1958
9. S:::HLEUOERBERG, A.: Immunoslboulins in human virus infections. Nature 205, 1232,
1962
10. KONNO, j., E'100, Y. and ISHIDA, N.: The nature of antibody in swine naturally in-
fected with Japanese encephalitis virus. Proc. Soc. Exp. Biol. and Med. 124, 73, 1967
11. OJATA, M., et al.: Seasonal level of antibody and its 2.ME sensitive antibody in the
sera of swine, canine, bovine and human inhabitants, lap. ]. Public Health, 15, 539,
1968 (in Japanese)
12. WATANABE, S., NAGAI, T., HASHIMOTO, K., KUME, T. and SAKAZAKJ, R.: Studies on
Salmonella infection in hen's esgs durins incubation with special reference to the mode
of infection with S. pullorum and S. senftenber3' VII. Transmission of asglutinin and
immunity to esgs from hens infected with S. pullorum. Bull. N. I. A. H. 39, 47, 1960
8
Acta Medica Okayama, Vol. 24 [1970], Iss. 6, Art. 5
http://escholarship.lib.okayama-u.ac.jp/amo/vol24/iss6/5
